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(54) Locating the position and orientation of multiple objects with a smart platen 



(57) The present invention is an intelligent scanning 
system (20) for processing a digital input image to au- 
tomatically characterize a plurality of objects therein. 
The system then employs the characterizations as the 
basis for rudimentary image editing operations so as to 
produce a digital document. In the digital document the 
objects may be derotated, shifted, cropped or otherwise 



aligned in a predetermined fashion in accordance with 
a template. The scanning apparatus (26) of the present 
invention not only enables the scanning of a plurality of 
objects, but does so in an intelligent manner so as to 
enable further processing and manipulation of the im- 
ages associated with the objects to create an output 
document 
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Description 

[0001] This invention relates generally to an image input system, and more particularly to the automatic characteri- 
zation and editing of a plurality of image objects placed on the platen of an image input device. 

s [0002] To improve the efficiency of scanning systems and digital copiers, it is desirable to produce a single scanned 
image composed of several separate objects (e.g., photographs) laid side by side, but preferably not touching, on the 
platen of the input scanner. To facilitate automated editing of the objects, it is necessary to identify the position, shape 
and rotation angle of each object. Such a capability can enhance productivity by decreasing the time required for 
scanning multiple objects and by automating rudimentary editing operations. 

10 [0003] Heretofore, a number of patents and publications have disclosed image segmentation and structured images, 
the relevant portions of which may be briefly summarized as follows: 

[0004] US-A-5,485,568to Venable et al., issued January 16, 1996, and hereby incorporated by reference, discloses 
a method and apparatus for representing a complex color raster image as a collection of objects in a structured image 
format - a hierarchical, device-independent format. A structured image document, generated using the techniques 
'£ described by Venable, is a representation of data that may be rendered into a raster image. The data includes simple 
raster images as well as a hierarchical collection of subobjects and raster processing operations. The possible data 
types for objects in the structured image include a raster image, text, graphics, image processing description, and files 
containing multiple image representations. 

[0005] In "MANAGING AND REPRESENTING IMAGE WORKFLOW IN PREPRESS APPLICATIONS", Technical 
20 Association of the Graphic Arts (TAGA) Vol. 1 . 1 995 Proceedings pp. 373-385, hereby incorporated by reference for 
its teachings, Venable et al. teach the use of structured images to manage prepress workflow. An operation such as 
gang scanning is described as a means for capturing several photographs roughly aligned on a scanner platen. 
[0006] In accordance with the present invention, there is provided an imaging apparatus, including: 

25 an image input device, said image input device producing a digitized image including representations of each of 

a plurality of objects imaged by said device: 

a programmable computer capable of processing the digitized image, said computer including a first memory for 
storing at least a portion of Ihe digitized image and program memory for the storage of executable code suitable 
for causing said computer to execute image processing operations on the digitized image, 
30 said computer, in accordance with preprogrammed instructions, identifying the plurality of objects within the digi- 

tized input image, modeling shapes representing boundaries of each of the plurality of objects, and characterizing 
each of the plurality of objects by parameters including shape, position and orientation; and 
said computer automatically composing an output document including a representation of at least one of the plu- 
rality of objects. 

35 

[0007] In accordance with another aspect of the present invention, there is provided A digital copying apparatus, 
including: 

an image input device having a transparent platen, said image input device producing a digitized image including 

40 representations of each of a plurality of objects placed on the platen: 

a programmable computer capable of controlling the operation of the digital copying apparatus and of processing 
the digitized image, said computer including a first memory for storing at least a portion of the digitized image and 
program memory for the storage of executable code suitable for causing said computer to execute image process- 
ing operations on the digitized image, said computer, in accordance with preprogrammed instructions, identifying 

45 the plurality of objects within the digitized input image, modeling shapes representing boundaries of each of the 

plurality of objects, and characterizing each of the plurality of objects by parameters including shape, position and 
orientation, and said computer automatically composing an output document including a representation of at least 
one of the plurality of objects; 

a user interface, said user interface comprising a display to depict the output document and a plurality of user 
50 selectable option, wherein said computer further includes preprogrammed instructions to update the display in 

accordance with a selection of the user selectable options; and 

a printing engine to produce, in accordance with the output document, a substrate bearing marks in accordance 
with representations contained in the output document. 

55 [0008] The present invention is directed to a system intended to accomplish the automatic determination of inde- 
pendent regions or segments for objects within a scanned image. The invention further provides a user interface and 
document templates to facilitate the automatic placement of the plurality of objects at positions within a digital document 
so that the document may be rendered, stored or transmitted. Thus, the present invention combines a number of 



2 



EP 0 975 146 A1 



graphics and image processing techniques into an automated, user-friendly application for productivity enhancement. 
The application can enhance productivity by decreasing the time required for scanning multiple images, by automating 
corrections for alignment of multiple images, and even automatically placing multiple images in the document template. 
[0009] The present invention accomplishes these objectives by: 

1 ) locating a plurality of independent objects within the image 

2) modeling the shape of the identified objects (e.g., rectangle) 

3) creating a structured image description identifying the location, shape and orientation of each object within the 
image. 

[0010] One aspect of the invention deals with a basic problem in digital image processing, that of identifying plural 
objects within a digitized image. The solution to this problem is then leveraged so as to enable the automated recognition 
and placement of objects to compose a digital document. The techniques described herein enable a user to expediently 
scan a plurality of distinct documents or objects in a single scanning operation, automatically separate those objects 
by recognizing them as independent objects within the digitized image, and recomposing a digital document using one 
or more of the recognized objects. Another aspect of the present invention allows for the automatic creation of a struc- 
tured image representation of the digitized image so that the image objects may be easily extracted and further proc- 
essed, independently. 

[0011] The techniques described above are advantageous because they improve the efficiency of a scanning proc- 
ess, allowing multiple original documents to be scanned at one time, as well as the document composition process by 
recomposing the documents into a single document using a predetermined template. In addition, the techniques allow 
for automatically characterizing physical attributes (e.g., location, shape and orientation) of the objects without user 
intervention. 

[0012] An embodiment of the present invention will now be described with reference to the accompanying drawings, 
in which: 

Figure 1 is an illustration of the equipment that forms an image processing system serving as one embodiment for 
the present invention; 

Figure 2 is a block diagram of the various components comprising the system of Figure 1 ; 

Figure 3 is a flowchart illustrating the general processing steps carried out on the system of Figures 1 and 2 in 

accordance with the present invention; 

Figures 4-7 are detailed flow charts illustrating the processing steps carried out in accordance with various em- 
bodiments of the present invention; 

Figure 8 is an illustrative example of a portion of a digital document; 

Figure 9 is an illustration of the output of the system of Figure 1 when an input image is processed in accordance 
with the present invention; 

Figure 10 is an exemplary user interface screen associated with one embodiment of the present invention; 
Figure 11 is an example of an image containing multiple objects obtained by a scanning operation; and 
Figure 12 is a comparative illustration of deskewing and derotation operations as applied to an image segment. 

[0013] For a general understanding of the present invention, reference is made to the drawings. In the drawings, like 
reference numerals have been used throughout to designate identical elements. In describing the present invention, 
the following term(s) have been used in the description. 

[0014] The term "data" refers herein to physical signals that indicate or include information. When an item of data 
can indicate one of a number of possible alternatives, the item of data has one of a number of "values." For example, 
a binary item of data, also referred to as a "bit," has one of two values, interchangeably referred to as "1 " and "0" or 
"ON" and "OFF" or "high" and "low." A bit is an "inverse" of another bit if the two bits have different values. An N-bit 
item of data has one of 2N values. A "multi-bit" item of data is an item of data that includes more than one bit. 
[001 5] "Memory circuitry" or "memory" is any circuitry that can store data, and may include local and remote memory 
and input/output devices. Examples include semiconductor ROMs, RAMs, and storage medium access devices with 
data storage media that they can access. A "memory cell" is memory circuitry that can store a single unit of data, such 
as a bit or other n-ary digit or an analog value. 

[0016] A signal "indicates" or "selects" one of a set of alternatives if the signal causes the indicated one of the set 
of alternatives to occur. For example, a signal can indicate one bit set in a sequence of bit sets to be used in an 
operation, in which case the signal causes the indicated bit set to be used in the operation. 

[0017] An "image" is a pattern of physical light. An image may include characters, words, and text as well as other 
features such as graphics. A text may be included in a set of one or more images, such as in images of the pages of 
a document. An image may be processed so as to identify specific "objects" within the image, each of which is itself 
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an image. A object may be of any size and shape and has "physical attributes" or characteristics including, but not 
limited, to position, shape and orientation. 

[0018] An item of data "defines" an image when the item of data includes sufficient information to produce the image. 
For example, a two-dimensional array can define all or any part of an image, with each item of data in the array providing 
s a value indicating the color of a respective location of the image. 

[0019] An item of data "defines" an image set when the item of data includes sufficient information to produce all the 
images in the set. 

[0020] Each location in an image may be called a "pixel". In an array defining an image in which each item of data 
provides a value, each value indicating the color of a location may be called a "pixel value". Each pixel value is a bit 
io in a "binary form" of an image, a gray scale value in a "gray scale form" of an image, or a set of color space coordinates 
in a "color coordinate form" of an image, the binary form, gray scale form, and color coordinate form each being a two- 
dimensional array defining an image. 

[0021] An operation performs "image processing" when it operates on an item of data that relates to part of an image. 
[0022] Pixels are "neighbors" or "neighboring" within an image when there are no other pixels between them and 

'£ they meet an appropriate criterion for neighboring. If the pixels are rectangular and appear in rows and columns within 
a two-dimensional image, each pixel may have 4 or 8 neighboring pixels, depending on the criterion used. 
[0023] An "edge" occurs in an image when two neighboring pixels have sufficiently different pixel values according 
to an appropriate criterion for the occurrence of an edge between them. The terms "edge pixel" or "boundary pixel" 
may be applied to one or both of two neighboring pixels between which an edge occurs. 

20 [0024] An "image characteristic" or "characteristic" is a measurable attribute of an image. An operation can "measure" 
a characteristic by producing data indicating the characteristic using data defining an image. A characteristic is meas- 
ured "for an image" if the characteristic is measured in a manner that is likely to produce approximately the same result 
each time it occurs. 

[0025] A "version" of a first image is a second image produced using an item of data defining the first image. The 
25 second image may be identical to the first image, or it may be modified by loss of resolution, by changing the data 
defining the first image, or by other processes that modify pixel values of the first image. 

[0026] An "image input device" is a device that can receive an image and provide an item of data defining a version 
of the image. A "scanner" is an image input device that receives an image by a scanning operation, such as by scanning 
a document. A scanner may have a transparent surface (platen) or equivalent means to support a document during 
30 scanning. Other well-known image input devices include digital cameras, facsimile machines, and video recorders 
having the capability to store data signals representative of the intensity of light reflected from the surface of objects 
at which the device is directed. 

[0027] An "image output device" is a device that can receive an item of data defining an image and provide or render 
the image as output. A "display" is an image output device that provides the output image in human viewable form, 

35 and a "printer" is an image output device that renders the output image in a human viewable, hard copy form. 

[0028] Referring now to Figures 1 and 2, depicted therein is a smart platen system 20 in which the present invention 
finds particular use. System 20 includes a computer 22 capable of receiving digital data representing an image of an 
original document 24 placed upon a platen of scanner 26. Computer 22, initially stores the digital input data from 
scanner 26 in memory 52 (e.g., RAM or magnetic disk storage) where the image may subsequently be accessed. In 

40 addition to the digital data, memory 52 may also include program memory for the storage of object code suitable for 
directing the processor to execute image processing operations in accordance with the invention described herein. 
Computer 22 has associated therewith a user interface (U/l) 26 including one or more user input devices 30, such as 
a keyboard, a keypad, a mouse, trackball, stylus or equivalent pointing device, etc. 

[0029] Also part of system 20 is an image output device such as printer 34 which may include a laser-driven, xero- 
45 graphic printing engine as found in a number of commercially available printers. In a preferred embodiment, system 
20 is employed to process the digital image data received as input from a scanner 26, utilizing image processing 
software running in processor 50, so as to produce an output file that may be rendered by printer 34, stored in memory 
50, and/or transmitted to another device via network 40. 

[0030] Although system 20 is depicted as a plurality of interconnected units, it will be appreciated that the system 
so may also comprise what is commonly referred to as a "digital copier". In such an embodiment, the components of 
system 20 are integrated within a common housing, and the user interface (including display and input devices) may 
have a significantly different appearance. An example of such a color digital copying system in which the present 
invention may find particular use is the Xerox 5775 Digital Color Copier, controlled via a touch-screen color video 
monitor that shows the progression of operations. It will be appreciated that the document placed upon the scanner 
55 platen in system 20 preferably includes a plurality of photographs or other objects represented by marks on a substrate 
surface, so that such objects may be scanned by a single scanning operation. For example, a particular embodiment 
to which the following description will be directed is a single scanned image representative of several separate pho- 
tographs laid side by side on the platen of scanner 26, but not touching or overlapping. In accordance with the present 
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invention it is desired to automatically identify the position, shape and rotation angle of each original photograph. 
[0031] Given an input image generated by scanning several separate photographs laid side by side on the scanner 
platen, the present invention automatically identifies at least the position, shape and orientation angle of each photo- 
graph. As shown in the flow chart of Figure 3, the process carried out by computer 22 during the processing of the 

s input image includes three general steps. First, at step 100 the objects within the image are located and boundaries 
of the object are generally identified. Once the objects are located, the shape of the objects is modeled at step 200. 
Having located the objects and modeled their shape, a structured image representing the image and objects therein 
can be created as represented by step 300. The structured image preferably includes data representing not only the 
image data itself, but data representing the location, shape or orientation of each object, or some combination thereof. 

io Alternatively, the output may be a page description language format or equivalents formats suitable for storing the 
image information in a retrievable form. 

[0032] In a preferred embodiment of the present invention, the scanned input image (or a lower resolution version 
thereof) is loaded into a memory frame buffer (RAM) where it is analyzed in accordance with the previously described 
steps. For purposes of the following detailed description, it is assumed that objects do not occlude one another and 

is that the background of the image is contiguous. These simplifying assumptions are intended for purposes of explanation 
only and are not intended as limitations of the invention. One skilled in the art will appreciate that the invention described 
herein is extensible so as not to require operation only within the boundaries of such assumptions. 
[0033] As depicted by the flow chart of Figure 4, the object location step 100 is performed by first identifying the 
background region of the input image 1 02, characterizing the background region 1 04, and then using the characteristic 

20 of the background region as a seed, identifying all the pixels representing the background region with an adaptive seed 
fill algorithm 1 06. Background pixels are pixels not associated with any objects, or more simply, they are pixels repre- 
sentative of those regions lying outside of the objects, the values of which are controlled by the "background" against 
which the objects are placed during scanning (e.g., the underside of the platen cover). One embodiment employs the 
average color of a small region in the upper left-hand corner of the scanned image as an initial estimate of the back- 

25 ground color. Alternatively, other sampling operations may be employed to determine the background color as de- 
scribed, for example, in US-A-5,282,091 for a Programmable Apparatus for Determining Document Background Level 
by Farrell. 

[0034] Once the background color is characterized at step 104, an adaptive algorithm is preferably applied to monitor 
the background color and to accurately identify the objects. An example of a seed fill algorithm suitable for use in the 

30 present invention is described in Graphics Gems I, A. Glassner Ed., Academic Press, pp. 275-277, 1990, hereby 
incorporated by reference. An adaptive algorithm is required because the background pixels may have significant color 
variation resulting from a variation in illumination over the platen area. The adaptive seed fill algorithm is applied to 
the scanned color image data using an initial seed point characterized by the background, for example, the upper-left 
corner of the image. Generally, the adaptive seed fill algorithm fills a binary frame buffer with a mask indicating all 

35 contiguous pixels identified as background pixels. In a simple embodiment, represented by step 112, a pixel is consid- 
ered to be a background pixel if its color falls within a small distance e of the current average background pixel value. 
This distance is calculated as an Euclidean metric in red, green, blue (RGB) color space 

40 d= SORT ( (P r -AdAvg r ) 2 +(P g -AdAvg g ) 2 +(P b -AdAvg b ) 2 ), 

where P k , AdAvg k are, respectively, the RGB components of the pixel under test and the average background value, 
and d is the distance measurement. The value of e is fixed and empirically determined in one embodiment. The test 
conducted at step 112 is: 
45 [0035] if d<s, then pixel P is a background pixel, else pixel P is a foreground pixel. 

[0036] The average background color is adaptively modified at step 114 by taking the average value of the last N 
pixels that have been classified as background. For efficiency, the system preferably calculates the adaptive average 
using the equation: 

50 

AdAvg' = (N*AdAvg-AdAvg+LastVal)/N, 

where AdAvg 1 is the modified average, AdAvg is the previous adaptive average, LastVal is the value of the last pixel 
identified as background, and N is the averaging window. Clearly, this is not a true running average, but it tracks the 
55 running average adequately and is more computationally efficient than a strict running average calculation. Alterna- 
tively, the value of e can be adaptively modified. For example, E might be based on the standard deviation of the last 
several pixels identified as background, etc. 

[0037] It will be appreciated that alternative methods for the detection of background regions may be employed, and 
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that the process of obtaining a binary map distinguishing the objects from the background may be accomplished using 
a simplified thresholding operation based upon the background color. In a preferred embodiment, the background color 
may be a function of the color of the platen cover, such as a white cover. As a further example, the 5775 Digital Color 
Copier employs a spectrally reflective platen cover that results in a bluish background color that may be detected and 

s distinguished from the objects. 

[0038] Having identified all background pixels and created a binary mask representative of the background regions, 
the process at step 1 20 is executed to smooth noisy edges in the background mask using morphological filtering. More 
specifically, a morphological closure filter is preferably applied to the background mask to eliminate single pixel noise 
and to smooth object edges. Subsequently, contiguous foreground regions are located, step 122, thereby identifying 

10 the objects. Objects are identified by scanning the background mask generated by the adaptive seed fill operation 
(step 106). Starting with the upper left hand pixel, the mask is searched in a scan line fashion for a pixel not classified 
in the mask as a background pixel - thus identifying pixels associated with a foreground object. The use of the seed 
fill algorithm for identifying the background assures that foreground objects are closed, or in other words, complete 
boundary is formed about the perimeter of the object. 

is [0039] At step 124, the boundary of an object is identified by tracing its edge. The boundary of the foreground object 
is traced using a simple 8-connected edge traversal which provides an ordered-set of points tracing the edge of the 
object. Such an edge traversal operation employs a contour tracing operation to generate a chain code in a manner 
similar to word or character based recognition systems. An 8-connected process is described, for example, by R. 
Bozinovic et al. in "Off-Line Cursive Script Word Recognition", IEEE Transactions on Pattern Analysis and Machine 

20 Intelligence, Vol. 11, No. 1 (January 1989). Once the edge is traced, all pixels associated with the object in the mask 
are marked as background so they will not be processed a second time, the object is added to the foreground object 
list and then the scanning of step 1 22 is continued as indicated by test step 1 26. Subsequent to completing the fore- 
ground scanning to identify all objects, a review of the identified objects may be completed as represented by step 
130. In many cases, the scanned image may contain undesirable foreground objects; such objects can be eliminated 

25 from the object list at this step. In one embodiment, the review of the object list may simply eliminate small objects as 
unlikely images. For example, in a scan of a yearbook page each image has associated with it a text caption that is 
not to be classified as image data. Such captions consist of many, small perimeter objects, so that by measuring the 
perimeter length of the traced edges, it is possible to eliminate objects having a perimeter smaller than a specified 
length, where the threshold length may be predetermined empirically. 

30 [0040] Once the objects have been located, as described with respect to step 1 00, the next general step, step 200, 
is to model the shape of the object. For purposes of simplicity, the following description will treat rectangular-shaped 
objects, however, it will be appreciated that the description is extensible to other polygons and even to shapes having 
portions thereof represented by curves (e.g., circular or elliptical objects) . The result or output from step 100 is pref- 
erably a set of edge traces, in the form of linked lists, that identify bounding pixels about each object within the scanned 

35 image. These traces can be used to extract each object, but orientation is not yet determined. To improve the quality 
of the object extraction, the object traces are fitted to a model shape. Orientation information, etc., may then be extracted 
from the fitted parameters. In the described embodiment the object traces are fit to a rectangular model, however, other 
shapes are possible. 

[0041] One method of fitting the edge traces to a rectangular shape is a least-squares approach to fit to a rectangle. 
40 To accomplish the least-squares fitting, the edge trace is first decomposed into four sets of points, each corresponding 
to one of the four sides of the rectangular object. The decomposition into four sets of points can be accomplished in 
several ways as described below. 

[0042] The first method has two principal parts, (a) categorizing the edge points into a set of bins associated with a 
single line, and (b) performing recognition on the bins for rotated shapes. Referring now to Figure 5, where the first 

45 decomposition method is depicted in detail, step 204 calculates the slope at each point along the edge trace. Step 204 
preferably accomplishes the slope angle calculation by performing a linear regression on a small window of neighboring 
edge points. For example, 2 points lying on either side of the edge point for which the slope is being determined. The 
angle of the line passing through the center of each point is determined using linear regression in a small window 
centered on each point. Each regression requires 4 additions per point in the window, plus 2 subtractions, 2 multipli- 

50 cations, and an arctangent calculation, however, the regression algorithm may be further optimized to remove most of 
the addition operations. In a preferred embodiment, which reduces the computational complexity, a sample of the edge 
pixels are employed for slope angle calculations and sorting, thereby reducing the number of calculations necessary 
to categorize the edge pixels. 

[0043] Next, at step 206, the process constructs a list of slope categories or bins. The slope categories are con- 
55 structed for each edge point by calculating the magnitude of the difference in the slope angle between the current point 
along the edge (e.g., point B in Figure 8) and the preceding point (e.g., point A in Figure 8). If the difference is less 
than the value TOLERANCE (determined empirically to be + 5 degrees in one embodiment), then the point is assigned 
to the same slope category as the preceding point, otherwise a new slope category is created and the point is assigned 
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to it. Referring to Figure 8, the above-described process would assign points A, B and C to a first slope category, points 
D, E, F, G and H to a second slope category and points I, J ... to yet another slope category. Finally, if the slope category 
for the last edge point has approximately the same slope angle as the first slope category, then all points within the 
first and last slope categories are joined together into a single category. 

s [0044] Once the slope categories are established at step 206, and stored in a data structure, they are then sorted 
at step 208 and ordered according to the number of edge points assigned to each category. For rectangular objects, 
the top four slope categories, those containing the most edge points, should correspond to points along the four edges 
of the rectangle. The top slope categories are then selected at step 210. It will be appreciated that one would use the 
top six categories for hexagonal objects, and similarly the top three categories for triangular objects, etc. 

10 [0045] Alternatively, steps 208 and 21 0 may be replaced by a step that processes the slope angle categories or bins 
by simple, or even statistical elimination, wherein those categories with few entries are removed. For example, an 
empirically determined threshold of 5 pixels may be applied so that only bins having more than 5 pixels with a common 
angle are kept. Subsequently, an average angle for a category may be determined using simple linear regression of 
all the points assigned to a particular category. With the average angle determined, afurther refinement of the categories 

'£ would be possible, combining those categories having substantially common angles. In particular, each category is 
checked and if adjacent categories are substantially collinear, the categories are joined. Thus each of the remaining 
bins or categories represents a set of collinear points lying along an edge. The edge points assigned to each of the 
remaining slope angle categories represent the edge trace decomposed into the four sides of the rectangle. It will be 
appreciated that this alternative is broadly directed to the process of "filtering" or refining the categories to identify 

20 those representing the actual edge of the objects. Accordingly, equivalent methods of accomplishing the refinement 
of the categories are contemplated. 

[0046] This first method of characterizing the object boundaries is computationally intensive due to the measurement 
of the average slope at each edge point. In the alternative embodiment mentioned previously, to improve speed, the 
edge trace may be sampled to reduce the total number of points that must be processed and categorized. 
25 [0047] It will be further appreciated that it may be possible, from an analysis of the ordered categories, to identify 
the shape. For example, a statistically significant difference in the number of points between a third and fourth category, 
or the complete lack of a forth category, are indicative of a triangular-shaped object. 

[0048] Referring to Figure 6, depicted therein is the second method by which the object shapes may be modeled. 
After retrieving the edge trace list data at step 202, step 252 calculates the center of mass of the object. Although there 

30 are a number of well-known methods for calculating the center of mass of the object, in the case of rectangular objects 
a straightforward approach would be averaging the (x,y) coordinates of the edge points. Next, the edge point closest 
to the center of mass would be located at step 254. The closest point will be the approximate center of the long side 
of the rectangle. Referring again to Figure 8, the angle 6 from the center-of-mass (CofM) to the center point (L a /2) is 
the approximate rotation angle (u) of the rectangle. 

35 [0049] Once the rotation angle is determined, it is employed in step 256 to determine the approximate length of the 
minor axis of the rectangle at step 258. In particular, the distance from the center-of-mass to the average position of 
all edge points that lie in the angular range 9-AA to 6+AA is determined. This distance is an approximate measure of 
one-half the minor axis length L b of the rectangle. AA is an empirically determined value on the order of approximately 
5 degrees. Step 260 approximates the length of the major axis (L a ) in much the same manner. The distance from the 

40 center-of-mass to the average position (9+90)+AA is an approximate measure of one-half the length of the major axis 
L a of the rectangle. Having approximated the orientation angle and the lengths of the major and minor axes, step 264 
calculates an angular range (as measured with respect to the center-of-mass) for each side of the rectangle that en- 
compasses only those edge points associated with that side: 

45 a) 

9' b = atan2(L a ,L b ) half angle width of major axis; 
9' a = 90-9 b half angle width of minor axis; 
9 b = 0' b *TOL where TOL=0.95 to avoid corners; 
50 9 a = 9' a *TOL where TOL=0.95 to avoid corners; 

and 

b) Range,: (9+9 b )to (9-9 b ) 

55 Range 2 : ((9+90)+9 a ) to ((9+90)-9a) 

Range 3 : ((9+1 80)+9 b ) to ((9+1 80)-9 b ) 
Range 4 : ((9+270)+9 a ) to ((9+270)-9 a ) 
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Once the angular range is determined step 266 finds all the edge points that lie within each of the four angular ranges 
(relative to the center-of-mass) determined above, thereby identifying the edge points corresponding to each side of 
the rectangle. It will be appreciated that this technique is less sensitive to edge-noise than the first method described 
above. 

s [0050] Once the edge trace has been decomposed into four sets of points, each set corresponding to one of the four 
sides of the rectangle, a least squares calculation for fitting the points to rectangle is evaluated at step 280. A rectangle 
can be described as four mutually perpendicular lines defined by the equations: 

y=a 1+ Yx, 
y=a 2 +$x, 
y=a 3 +Yx, 

where . A least squares fit yields the fitted parameters: 

#^(I4MtH(i4) 

45 
50 
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where (x ki , y fe ) is the f h edge point of the side, and n k is the number of edge points associated with the k" 1 side. 
Subsequently, once the least squares fit yields the fitted parameters (P, a 0 , <x 7 , a 2 , a 3 ), they are converted at step 282 
the into four coordinate pairs marking the corners of the rectangle. Moreover, the rotation angle of the rectangular 

io object is accurately represented by the slope parameter fS 

[0051] Yet another alternative method for fitting the edge traces to a shape is a method employing binary moments 
for fast image bounding. Using the binary mask generated as described with respect to step 106 (e.g., the adaptive 
seed algorithm), or alternatively with a simple thresholding operation, the image is rendered in a binary bitmap form 
where each pixel value is a 0 or 1 indicating background or non-background regions. Once the borders are detected 

is for an object using the binary mask, the alternative embodiment depicted in Figure 7 employs second-order binary 
moments to fit a shape (e.g., rectangle) to the object. 

[0052] Referring to Figure 7, depicted therein is a generalized flowchart representing the steps of the binary moment 
boundary finding technique. At step 100, the object edges are located and recorded as previously described, thereby 
providing as an input a linked list of boundary or edge pixels referred to as an edge trace, step 290. Using the boundary 
20 list, the second order moments are calculated (step 292) in an efficient manner using the equation: 



- S^c-.yy v -ifexwy - jp, or 

where p(/,y) is the image pixel value at image coordinates (i,j) and p t (;) is the 7"' order moment of the I th scan line. 
Because Ihe object boundary pixels are previously determined, the process can be simplified and the righlmosl and 
left-most boundary pixels for a particular scanline are used for the 1st order (absolute) moment calculations. 
30 [0053] Subsequently, the 2nd order (central) moments (m 00 , m 01 , m 10 , m 1p m 20 , and m 02 ) are calculated using the 
1st order moments and the following equations: 



35 




and 



[0054] Having determined the 2nd order moments, they are employed to characterize an ellipse and from the ellipse 
so the bounding box about the object, step 294. In particular, the center of the ellipse (x, y), the lengths of each axis (a 
and b) and the rotation angle (6) are determined. The bounding box for the rectangular object is determined as a 
rectangle centered at (x,y) with sides of length 2a and 2b, rotated by an angle 6. While this renders a bounding box 
slightly larger than the object, this is done so as to provide a safety margin for the calculation, and to avoid cropping 
a portion of the object. If a tighter bounding box is desired, the rectangle would be characterized with sides of length 
55 2aa and 2ab, where a is set equal to J3/2 or a slightly smaller value to accomplish edge trimming or cropping (e.g., 
on the order of one or more pixels). 

[0055] After each object has been modeled as a shape (e.g., rectangle), a structured image is created as described, 
for example, in US-A-5,485,568 to Venable et al. The structured image consists of one "child" structured image for 
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each object detected using one of the methods described above. The structured image definition contains attributes 
that specify which rectangle of the scanned image contains the object data, and also the rotation angle required to 
correct for any orientation skew. Figure 9 is an example of a structured image created in accordance with the previously 
described processes, the structured image containing a pair of rectangular-shaped image objects. 

s [0056] In one embodiment of the present invention, depicted in Figure 10, the structured image is designed such 
that when rendered, all objects are de-rotated and laid out in a grid fashion. In particular, Figure 10 illustrates a user 
interface 400 that may be employed with various aspects of the previously described object shape recognition method 
to provide an intelligent or "smart" platen scanning system. The smart scanning system represented by Figure 10 
preferably provides a means by which a user can interface with a digitizing scanner to efficiently obtain digitized rep- 

io resentations of objects placed on platen 24 of a scanner. 

[0057] For example, referring to Figure 10 in conjunction with Figure 1, a user may place a number of photographs 
on the scanner platen. Once placed thereon, the user may then select an operation from region 410 of Figure 10 to 
cause the computer system 22 to initiate scanning by scanner 26. Although not specifically shown, it will be appreciated 
that various methods for initiating the digitization of the objects may be employed, including, but not limited to, keyboard 

is entry, touch-sensitive screen selection, depression of a remote switch or even triggering of a platen sensor by a user 
closing the platen cover. As depicted in Figure 10, after the "Gang & Edit" (412) or equivalent scanning selection is 
made, system 20 scans the objects placed on platen 24 and temporarily stores the data in the file using the information 
reflected in region 420 of the user interface screen. For example, the various image objects (A, B, C and D) may be 
found within an image as illustrated in Figure 11. Once the image is scanned, it is analyzed as described above to 

20 identify the image objects. The image objects may then be manipulated by the smart scanning system to automatically 
orient and position the images, for example they may be automatically placed in a predefined template and rendered, 
such as the representation depicted in region 430 of the user interface. It will be appreciated that a user may also be 
given additional edit capability with respect to the template, for example, to add captions to the objects or to include 
titles 432 and subtitles 434 as illustrated. Input for such text-based editing would be accomplished via the user interface 

25 options depicted in region 440. 

[0058] It will be appreciated by those skilled in the art that by defining the boundaries of the objects in an image 
accurately a derotation operation may be employed to more accurately deskew the object. For further illustration of 
this advantage reference may be had to Figure 12. Depicted therein is an object O within an image segment I. In a 
typical deskewing operation, the orthogonal boundaries of the image are determined as illustrated by bounding box 

30 500 and the image is deskewed to produce the image indicated as 504 including the object O. It will be appreciated 
that in order to deskew the image that is not clearly defined by boundaries, the entire image area must be rotated, 
leading to both a larger deskewed image area and the need to create pixels to fill in regions 508. The present invention, 
by accurately defining the boundaries and orientation of the object, avoids the need to incorporate regions larger than 
the object in the derotation operation. Thus, the pixels representing the object itself are the only pixels that are derotated 

35 to produce the O output image. 

[0059] Also enabled by the smart scanning system would be image editing capabilities as illustrated in region 450 
of the user interface. Having identified each of the objects within the image, it is possible to isolate the objects, create 
separate images therefrom, and to then individually process the images. Thus the individual image objects automati- 
cally placed within the template of region 430 may be individually selected, manipulated, scaled (button 452), rotated 

40 (button 454) or cropped (button 456). It will be appreciated that the scaling, rotation and cropping operations are in 
addition to those which are preferably automatically applied by the system as the result of the previously described 
object recognition methods. 

[0060] For example, the image scaling button, illustrated with cross-hatching to depict selection, will allow the user 
to move a cursor (not shown) to select an object (e.g., image object D) and then to drag a side or corner of the object 

45 so as to scale the image object. To facilitate the editing of the objects, control points such as those illustrated about 
the boundary of image object D (436) may be employed in a manner well-known to those who design user interfaces. 
[0061] As noted, a predefined template may be used to automatically "place" image objects in relative positions on 
a document or page thereof. It will be appreciated that such templates may be in the form of a structured image definition, 
so that the template can be used to specify a different layout for the structured image to be generated. Thus, a family 

50 seeking to put its photographs in a "digital photo album" may be able to create a template describing a page similar to 
that shown in region 430 of the user interface. The template would then be used to automatically organize individual 
images or plural objects within a larger document image. 

[0062] In a preferred embodiment, the output of the smart scanning system would be a structured image document 
format as described by Venable et al. in US-A-5,485,568. An important characteristic of structured images is the ability 
55 to store image processing operations in their description. This means that the structured image can contain image 
processing operations other than simple object deskewing attributes. For example, automatic image enhancement 
operations may be included within the structured image such that the objects identified can be individually enhanced. 
Alternatively, the smart scanning system output may take the form of a digital document in one of many well-known 
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page description languages. 

[0063] Once the "page" composed in window 430 in the condition desired by the user, the user may save the image 
by selecting the "Save Edited Image" button 460. More importantly a user may then print or otherwise distribute the 
composed page(s). 

s [0064] Although the various embodiments of the present invention have been described with respect to the smart 
scanning system, it will be appreciated that the acquisition of images, and the printing and distribution of the composed 
pages can be accomplished via networks or on a walk-up digital copier. For example, a user may have photographs 
automatically scanned by a film processor, and a digitized stamp sheet sent to the user via a network. The stampsheet, 
being in a structured image format could then be processed using the smart scanning system to produce pages of a 

io digital photo album with one or more objects on each page. 

[0065] In recapitulation, the present invention is an intelligent scanning apparatus for processing a digital input image 
to automatically characterize a plurality of objects therein, and to employ the characterization as the basis for rudimen- 
tary image editing operations so as to produce a digital document. I n the digital document, the objects may be derotated, 
shifted, cropped or otherwise aligned in a predetermined fashion in accordance with a template. The scanning appa- 

is ratus of the present invention not only enables the scanning of a plurality of objects, but does so in an intelligent manner 
so as to enable further processing and manipulation of the images associated with the objects. 



Claims 

1. An imaging apparatus, including: 

an image input device (26), said image input device producing a digitized image including representations of 
each of a plurality of objects imaged by said device; 
25 a programmable computer (20) capable of processing the digitized image, said computer including a first 

memory (52) for storing at least a portion of the digitized image and program memory (52) for the storage of 
executable code suitable for causing said computer to execute image processing operations on the digitized 
image, 

said computer, in accordance with preprogrammed instructions, identifying the plurality of objects within the 
30 digitized input image, modeling shapes representing boundaries of each of the plurality of objects, and char- 

acterizing each of the plurality of objects by parameters including shape, position and orientation; and 
said computer automatically composing an output document including a representation of at least one of the 
plurality of objects. 

35 2. The apparatus of claim 1 , further including a user interface (34) for displaying a representation of the output doc- 
ument incorporating the representation of at least one of the plurality of objects wherein one of the parameters of 
the at least one object has been altered. 

3. The apparatus of claim 1 or claim 2, wherein the position of the representation of the object is shifted to a predefined 
40 position in the output document. 

4. The apparatus of claim 2, wherein only the representation of the object is derotated so as place a derotated rep- 
resentation of the object in the output document. 

45 5. The apparatus of any of the preceding claims, wherein said image input device includes a surface (24) upon which 
the plurality of objects are placed for digitization. 

6. The apparatus of any of the preceding claims, wherein the first memory is a frame buffer. 

50 7. The apparatus of any of the preceding claims, wherein the first memory is a data storage media accessible by said 
programmable computer. 

8. The apparatus of any of the preceding claims, further including template memory for storing at least one template 
for controlling the position and orientation of the representation of the at least one object during composition of 

55 the output document. 

9. The apparatus of claim 8, wherein the at least one template is stored in the form of a structured image. 
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10. The apparatus of any of the preceding claims, further including: 

a user interface, said user interface comprising a user input device (30) responsive to a user selection and a 
display (34) to depict the output document in conjunction with user selectable options; 
wherein said computer further includes preprogrammed instructions to update the display in accordance with 
a selection of the user selectable options. 

11. The apparatus of claim 10, wherein the programmable computer, in conjunction with the display, provide user 
selectable options to: 

select at least one object in the output document; 
alter at least one parameter of the selected object; and 

store, in memory, a version of the output document after a user has altered a parameter of at least one object 
therein. 

1 2. The apparatus of claim 1 0 or claim 1 1 , wherein the user selectable options are selected from the group consisting of: 

inserting textual content into the output document; defining a storage location for the output document; storing 
the output document; 

scaling the representation of the at least one object; 

rotating the representation of the at least one object; 

cropping the representation of the at least one object; 

altering the colorization of the representation of the at least one object; and 

enhancing the representation of the at least one object. 

13. A digital copying apparatus, including: 

an image input device (26) having a transparent platen (24), said image input device producing a digitized 
image including representations of each of a plurality of objects placed on the platen; 
a programmable computer (20) capable of controlling the operation of the digital copying apparatus and of 
processing the digitized image, said computer including a first memory (52) for storing at least a portion of the 
digitized image and program memory (52) for the storage of executable code suitable for causing said computer 
to execute image processing operations on the digitized image, said computer, in accordance with prepro- 
grammed instructions, identifying the plurality of objects within the digitized input image, modeling shapes 
representing boundaries of each of the plurality of objects, and characterizing each of the plurality of objects 
by parameters including shape, position and orientation, and said computer automatically composing an output 
document including a representation of at least one of the plurality of objects; 

a user interface, said user interface comprising a display (34) to depict the output document and a plurality of 
user selectable option, wherein said computer further includes preprogrammed instructions to update the dis- 
play in accordance with a selection of the user selectable options; and 

a printing engine to produce, in accordance with the output document, a substrate bearing marks in accordance 
with representations contained in the output document. 

14. The digital copying apparatus of claim 13, wherein the digitized image is a color image and wherein the marks 
placed on the substrate are marks of at least two distinct colors. 

15. The apparatus of claim 13 or claim 14, wherein said user interface comprises a user input device (30) responsive 
to a user selection and a display to depict the output document in conjunction with user selectable options; and 

wherein said programmable computer further includes preprogrammed instructions to update the display in 
accordance with a selection of the user selectable options. 

16. The apparatus of claim 15, wherein the programmable computer, in conjunction with the display, provide user 
selectable options to: 

select at least one object in the output document; 
alter at least one parameter of the selected object; and 

store, in memory, a version of the output document after a user has altered a parameter of at least one object 
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therein. 



1 7. The apparatus of claim 1 5 or claim 1 6, wherein the user selectable options are selected from the group consisting of: 

inserting textual content into the output document; 

defining a storage location for the output document; 

storing the output document; 

scaling the representation of the at least one object; 

rotating the representation of the at least one object; 

cropping the representation of the at least one object; 

altering the colorization of the representation of the at least one object; and 

enhancing the representation of the at least one object. 
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